Background & Aims:
A fast-track program is a multimodal approach for patients undergoing colonic surgery that combines stringent regimens of perioperative care (fluid restriction, optimized analgesia, forced mobilization, and early oral feeding) to reduce perioperative morbidity, hospital stay, and cost. We investigated the impact of a fast-track protocol on postoperative morbidity in patients after open colonic surgery. Methods: A randomized trial of patients in 4 teaching hospitals in Switzerland included 156 patients undergoing elective open colonic surgery who were assigned to either a fast-track program or standard care. The primary end point was the 30-day complication rate. Secondary end points were severity of complications, hospital stay, and compliance with the fast-track protocol. Results: The fast-track protocol significantly decreased the number of complications (16 of 76 in the fast-track group vs 37 of 75 in the standard care group; P ‫؍‬ .0014), resulting in shorter hospital stays (median, 5 days; range, 2-30 vs 9 days, respectively; range, 6 -30; P < .0001). There was a trend toward less severe complications in the fast-track group. A multiple logistic regression analysis revealed fluid administration greater than the restriction limits (odds ratio, 4.198; 95% confidence interval, 1.7-10.366; P ‫؍‬ .002) and a nonfunctioning epidural analgesia (odds ratio, 3.365; 95% confidence interval, 1.367-8.283; P ‫؍‬ .008) as independent predictors of postoperative complications. Conclusions: The fast-track program reduces the rate of postoperative complications and length of hospital stay and should be considered as standard care. Fluid restriction and an effective epidural analgesia are the key factors that determine outcome of the fast-track program.
F ast-track programs in colonic surgery were introduced to reduce postoperative morbidity, shorten hospital stay, improve patient convenience, and decrease costs. The main objective of this multimodal concept mostly focused on perioperative fluid restriction, an optimized analgesic regimen, a forced mobilization, and early postoperative oral nutrition. [1] [2] [3] Cohort studies and small randomized studies have shown that fast-track concepts reduce hospital stay and morbidity, and may improve postoperative pulmonary function and fatigue tolerance. 4 -10 Few controlled trials with an adequate number of patients comparing the current standard approach with the fast track concept showing the superiority of this method in colonic surgery in regard to a reduced complication rate exists. Therefore, we conducted a multicentric, randomized, controlled trial to investigate the impact of a fast-track protocol on postoperative morbidity in open colonic surgery. As secondary end points we studied the severity of complications according to a validated classification score, 11 the length of hospital stay, and the compliance to the different components of the fast-track program.
Patients and Methods

Patients and Eligibility
We conducted a multicenter, randomized trial in 4 surgical departments (teaching hospitals) in Switzerland. Eligible for this trial were patients older than 18 years of age who were undergoing open elective colonic resection with a primary anastomosis. Exclusion criteria were emergency situations, contraindication to epidural anesthesia, scheduled total colectomy or rectum resection, and preoperatively immobile patients. The study was approved by the local ethical committees of the participating hospitals according to the Declaration of Helsinki, 12 
Study Design
A slightly adapted fast-track protocol from the one proposed by Kehlet and Wilmore 1 was used. In both groups no bowel preparation was performed and patients were allowed to drink clear fluids until 4 hours before surgery. All patients received thromboprophylaxis and perioperative antibiotics. Surgical experience was guaranteed by at least one specialized surgeon in colorectal surgery attending the procedure. Surgery was performed through a median laparotomy and the anastomosis was either hand sewn or a stapler technique was used. No nasogastric tubes or intra-abdominal drains were used postoperatively. All anesthetic procedures and agents were standardized. Patients in the fasttrack group received a restricted fluid regimen with a preoperative loading of Ringer's lactate solution at 1 mL/ kg/h nothing by mouth and an intraoperative substitution of 5 mL/kg/h. The standard care group received Ringer's lactate at 2 mL and 10 mL/kg/h for preoperative loading and intraoperative substitution, respectively. All fluids in the fast-track group were discontinued at day 1 after surgery unless there was a medical reason to do otherwise. In the standard care group the patients received 2000 mL of Ringer's lactate per 24 hours until day 3 after surgery. Additional fluid or vasopressors were given when the mean arterial pressure was less than 60 mm Hg or urine output was less than 0.5 mL/kg/h. The transfusion limit was a hematocrit level less than 25%. All patients were encouraged to early mobilization starting immediately after surgery in both groups. In the fast-track group, patients were allowed to start drinking immediately after surgery. Two additional protein drinks were given (Fresenius Power Drink; Fresenius Kabi, Stans, Switzerland) for the first 3 days, and patients were invited to resume oral nutrition on day 1 after surgery. Patients in the standard care group were allowed to start drinking on day 2 and started increasing oral nutrition on day 2, with possible full oral nutrition by day 4. Criteria for reinsertion of a nasogastric tube were 2 consecutive episodes of vomiting greater than 400 mL.
An epidural catheter with ropivacaine 0.33% or bupivacaine 0.25% was placed at thoracic level 6 -9 preoperatively and removed on the second postoperative day. As additional analgesics, only paracetamol was given intravenously. A failure of epidural analgesia was defined as the need for supplemental intravenous opioids. Discharge from the hospital was suggested when patients were fully mobile, pain was controlled by oral analgesics only, tolerance of oral food was established, and the patients felt comfortable with a discharge. Oral food intake was considered sufficient if the patient was able to eat more than two thirds of the daily meal.
Outcomes and Follow-Up Evaluation
The primary end point of this study was total complications occurring until 30 days after surgery. All complications were recorded until 30 days after surgery with telephone follow-up evaluation if necessary. Complications were classified in general or as surgical complications. For grading the severity of complications a validated complication classification was used. 11 The total intraoperative (including preoperative loading and fluid administered intraoperatively) and the first 24 hours postoperative fluid administration were recorded. Oral food intake and mobilization time was documented via a patient self-assessment sheet.
Sample Size Calculation and Statistical Analysis
The calculated sample size was based on the assumption of previous local experience that a complication rate of 30% in the standard care group would be reduced to 20% in the fast-track group. To achieve an 80% power with a 2-sided P value of less than .05 as significant, 231 patients per group were required. An interim analysis was planned after inclusion of one third of the calculated sample size with a premature study end, if any difference in the primary end point according to the O'Brien-Fleming 13 approach was reached (P Ͻ .0019). Statistical analysis was based on an intention-to-treat analysis and was performed with the Statistical Package for Social Science software (version 14.0; SPSS, Chicago, IL). The Mann-Whitney U test was used to compare continuous variables, the chi-square test and the Fisher exact test were used to compare discrete variables. The factors of blood loss greater than 500 mL, need for blood transfusion, type of surgery, age older than 70 years, body mass index greater than 30 kg/m 2 , preoperative hematocrit level, functioning EDA, American Society of Anesthetists class higher than III, fluid restriction limits, removal of the urinary catheter after 24 hours, and successful oral nutrition at days 1 and 4, were analyzed in a univariate logistic regression analysis if they were associated with postoperative complications. Factors identified as significant in a univariate logistic regression analysis were selected to perform a multiple logistic regression analysis.
Results
From November 2004 until October 2006 there were 156 patients who fulfilled inclusion criteria and were assigned randomly to the fast-track and standard care groups. A planned interim analysis was performed after inclusion of one third of the calculated sample size and the study was stopped prematurely after reaching a significant difference for the primary end point according to the O'Brien-Fleming approach. Thus, 151 patients completed the study period (supplementary Table 1 ; see supplementary material online at www.gastrojournal.org).
The relevant patient characteristics and surgical details are shown in Table 1 , disclosing a well-balanced distribution of patients between the groups, with the exception of age showing a slight difference (62 years in the fast track vs 59 years in the standard group).
In the intent-to-treat analysis, the primary end point of total complications occurring during the first 30 days after surgery was significantly lower in the fast-track group compared with the standard care group (16 of 76 vs 37 of 75; P ϭ .0014). This was mainly owing to a reduction in general complications, whereas surgical complications were reduced in the fast-track group. There was also a trend towards more severe complications in the standard care group compared with the fast-track group using a standard classification of complications by severity. The median hospital stay was 5 days (range, 2-30 days) in the fast-track group vs 9 days (range, 6 -30 days) in the standard care group (P Ͻ .0001). No significant difference in the re-admission rate (2 and 3 patients) was observed between the groups until 30 days after surgery (Table 2 ). There was no significant difference in anastomotic insufficiencies (1 in the fasttrack group and 2 in the standard care group). A list of the types of complications is available in supplementary Table 1 (see supplementary material online at www. gastrojournal.org).
Adherence to the fast-track and standard care protocols is summarized in Table 3 , showing excellent compliance. There were no severe adverse events observed as a result of the EDA (infection or epidural hematoma). Rates of re-insertion of a nasogastric tube for recurrent vomiting were not different, with 3 patients in the fasttrack group vs 2 patients in the standard care group. No significant changes in preoperative and postoperative serum creatinine levels were observed in both groups (median delta creatinine level of 4 mol/L in the fast track group vs 1 mol/L in the standard care group; P ϭ .29).
In a multiple logistic regression analysis, only a failed EDA and administration of fluid greater than the restriction limits were the significant independent predictors for postoperative complications (Table 4) .
In a second analysis, fast-track patients who fulfilled the fluid restriction criteria and had an effective EDA were included (n ϭ 59 of 76). This subgroup had an even lower complication rate of only 7%, and a median hospital stay of only 4 days (range, 2-20 days).
In contrast, the 17 patients in whom the fluid restriction and a functioning EDA were not applied completely had similar results to the patients in the standard care group regarding both the complication rate (47%) and the hospital stay (12 days).
Discussion
The results of this randomized multicenter trial indicate that a fast-track program significantly reduces the number of postoperative complications, especially general complications, leading to a shorter hospital stay after elective open colonic surgery. In a multivariate analysis, the present study shows that intraoperative fluid restriction and an effective EDA are significant predictors of reduced postoperative complications. Methodologic limitations of this study, which may cause a bias of either study group, were that blinding of patients and surgeons was not possible because of the obvious different fluid regimens and resumption of oral nutrition between the 2 groups.
Our trial was initiated to yield convincing evaluation of a fast-track program in the daily practice of open colonic surgery. Previously published cohort studies and underpowered randomized controlled trials have suggested that fast-track programs offer benefits regarding the duration of hospitalization, hospital stay, morbidity, and metabolic and functional results; for example, pulmonary function and bowel transit were better when patients were included in a fast-track protocol. 2, 4, 10 A recently published European survey showed that in clinical practice most colonic surgery is still performed in a traditional manner, with a hospital stay exceeding 10 days. 14 In the present trial an effective EDA and a stringent fluid regimen were the only 2 independent factors associated with a significant reduction of complications. These results were enhanced further with the subgroup analysis of patients who completely fulfilled the protocol. Interestingly, successful early postoperative nutrition was not correlated with a reduced complication rate. A delay in resuming postoperative oral nutrition seems to be an indicator of failed integral fast-track components such as fluid restriction and EDA.
Existing evidence on the benefits of EDA in colonic surgery with or without a fast track program have been well studied [15] [16] [17] including a meta-analysis by Marret et al. 18 In our study a failed EDA appeared to inhibit the success of a fast-track program including especially enforced mobilization and early nutrition. Perioperative fluid restriction in colonic surgery was shown to reduce morbidity and length of hospital stay in fast-track protocols in 2 randomized controlled trials. 19, 20 In contrast, in another trial with postoperative fluid restriction and a fast-track protocol no benefit on morbidity and the length of hospitalization could be shown. 21 This might be because the difference of fluid amount administered on the day of surgery probably was too small, with less than 1-L difference between the groups. Therefore, our results and the findings of the 2 trials mentioned before 19, 20 convincingly show that a restricted fluid regimen during surgery and in the early postoperative days is an important factor of outcome improvement.
A major concern about fast-track programs with early discharge may be the risk of missing severe postoperative complications. Pioneer works on fast-track concepts reported a very short hospital stay of only 2 days, but then observed a significantly higher re-admission rate. 4 In the present study the re-admission rate was low and similar between the 2 groups. Furthermore, patients were observed for up to 30 days postoperatively, which considerably lessens the risk of missing a complication. In patients in fast-track programs with a slightly prolonged minimal hospital stay of up to 3 days, no higher readmission rates were observed. 22 A further important issue is the role of fast-track programs regarding the increasing use of laparoscopic colon surgery. Large randomized trials comparing open vs laparoscopic surgery showed significant benefits in length of hospital stay, analgesia, and overall patient comfort for laparoscopic procedures. 23, 24 However, these trials failed to disclose a standardized fast-track regimen. In a recently published randomized study, a fast-track program in open surgery compared with laparoscopic surgery without a standardized fast track concept disclosed a similar length of hospital stay and complication rates. 25 In conclusion, our findings show that a fast-track program is beneficial in terms of reducing morbidity and length of hospital stay, in patients undergoing elective colon surgery, provided that an effective EDA and a stringent perioperative fluid restriction are used.
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